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(57) Abstract : 

PROBLEM TO BE SOLVED: To provide a method for producing a titanium oxide 
thin filmby which the titanium oxide thin film can be produced at a 
lower temperature than those of conventional methods even on a substrate 
not having good heat resistancesuch as a plastic filmand to provide a 
photoelectric transfer element using the titanium oxide thin film 
produced by the method. 

SOLUTION: This method for forming a thin f ilmcharacterized by coating a 
substrate with a coating liquid containing at least titanium peroxide to 
form the coating filmand then irradiating the coating film with light to 
convert the coating film into the titanium oxide thin film. The 
photoelectric transfer elementcomprising a metal oxide semiconductor 
electrodea pigment adsorbed to the surface of the electrodean 
electrolyte having an oxidation-reduction pairand a counter 
electrodecharacterized by having a titanium oxide semiconductor 
electrode containing the thin film formed by the above method as an 
element for forming the metal oxide semiconductor electrode. 



CLAIMS 



[Claim(s)] 

[Claim l]A method for forming thin film applying on a substrate coating 



liquid which contains titanium peroxide at leastforming a coating 
filmand changing this coating film to a titanium oxide thin film by 
carrying out an optical exposure. 

[Claim 2]The method for forming thin film according to claim lwherein 

this coating liquid contains crystal titanium oxide further. 

[Claim 3]The method for forming thin film according to claim 2wherein a 

crystal form of this crystal titanium oxide is an anatase type. 

[Claim 4]The method for forming thin film according to any one of claims 

1 to 3wherein this coating liquid contains a surface-active agent 

further. 

[Claim 5] The method for forming thin film according to any one of claims 

1 to 4 heating a substrate simultaneously with an optical exposure. 

[Claim 6]A titanium oxide semiconductor electrodewherein a titanium 

oxide thin film formed by a method according to any one of claims 1 to 5 

is provided on a conductive substrate. 

[Claim 7]A metal oxide semiconductor electrode. 

Coloring matter which stuck to the surface. 

An electrolyte which has a redox couple. 

A counterelectrode. 

It is the optoelectric transducer provided with the aboveand has the 
titanium oxide semiconductor electrode according to claim 6 in a 
component as a metal oxide semiconductor electrode. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the method for 
obtaining a titanium oxide thin film by low temperature conditions 
especially compared with the formerand the optoelectric transducer using 
it about the optoelectric transducer which consists of a metal oxide 
semiconductor electrodethe coloring matter which stuck to the surfacean 
electrolyte which has a redox coupleand a counterelectrode. 
[0002] 

[Description of the Prior Art]Although there are some kinds of solar 
cellsthe diode type thing for which what is put in practical use used 
junction of a silicon semiconductor is almost the case. Under the 
present circumstancesthese solar cells have a high manufacturing costand 
have become a factor in which this bars spread. Although the dye 



sensitizing type wet solar cell is studied from the possibility of low- 
cost-izing for many yearsWhen Graetzel and others announced recently 
what has the performance which is equal to a silicon solar cell (J. Am. 
Chem. Soc. 115 (1993) 6382 and patent No. 2664194 printing gazette) the 
expectation for utilization is growing. The basic structure of a dye 
sensitizing type wet solar cell consists of a metal oxide semiconductor 
electrodethe coloring matter which stuck to the surfacean electrolyte 
which has a redox coupleand a counterelectrode. Graetzel and others 
raised photoelectric conversion efficiency remarkably by having 
considered it as having porosi ty-ized metal oxide semiconductor 
electrodessuch as titanium oxide (Ti0 2 )and having enlarged surface area 
and coloring matterand having carried out monolayer absorption of the 
ruthenium complex. 

[0003]A dye sensitizing type solar cell performs heating calcination of 
not less than about 400 ** by the morphosis of a metal oxide 
semiconductor thin film. Thereforeit will be limited to the existing 
thing of the heat resistance of glass etc. by the substrateand a heat- 
resistant low substrate was not usually able to be used for it. 
[0004]Thenthis invention person applies on a substrate the coating 
liquid which contains crystal titanium oxide and amorphous type titanium 
peroxide sol at least in Japanese Patent Application No. No. 124562 [ 11 
to ]It proposed about the optoelectric transducer which consists of the 
porous-titanium-oxide semiconductor electrode produced by carrying out 
heating calcination at 250 ** - 500 ** and the coloring matter which 
stuck to the surface of the semiconductor electrodean electrolyte which 
has a redox coupleand a counterelectrode. Since calcination temperature 
became lowthis technique enabled it to extend the selection range of a 
substrate. Howeverabout use of the substrate in which glass transition 
pointssuch as a plastic filmare still lowerit is still unusableand there 
was room for an improvement further. 

[0005]0n the other handby JP10-53437Athe method of forming by heating 
titanium peroxide sol at not less than 250 ** is indicated as a 
formation method of another titanium oxide thin film. Howeverit was 
impossible for the titanium oxide thin film formed by the method of 
JP10-53437A to also have used a plastic film etc. for a substrate. 
[0006] 

[Problem (s) to be Solved by the Invention]There is a technical problem 
of this invention in providing the manufacturing method of the titanium 
oxide thin film which can form membranes also on the substrate which can 
solve such a problemand can produce at a low temperature as compared 
with the formerfor exampledoes not have the heat resistance of a plastic 



film etc. (technical problem of claim l). There is another technical 
problem of this invention in providing the manufacturing method of a 
titanium oxide thin film [ form / on the substrate which does not have 
the heat resistance of a plastic film etc. for example / membranes / 
and ] also with high photocatalyst activity (technical problem of claims 
23and 5). there is another technical problem of this invention in 
providing the manufacturing method of a titanium oxide thin film [ form 
/ on the substrate which does not have the heat resistance of a plastic 
film etc. for example / membranes / and ] also with the sufficient 
membrane formation nature from coating liquid (technical problem of 
claim 4) — againThere is another technical problem of this invention in 
providing the titanium oxide semiconductor electrode which can be formed 
also on the substrate which can produce at a low temperature as compared 
with the formerfor exampledoes not have the heat resistance of a plastic 
film etc. (technical problem of claim 6). Even if the substrate which 
can produce at a low temperature as compared with the formerfor 
exampledoes not have the heat resistance of a plastic film etc. is used 
for another technical problem of this inventionthere is in providing the 
optoelectric transducer using the producible above-mentioned titanium 
oxide semiconductor electrode (technical problem of claim 7). 
[0007] 

[Means for Solving the Problem]As a result of inquiring in order to 
solve an aforementioned problemit found out that a titanium oxide thin 
film was obtained by applying to a substrate coating liquid which 
contains amorphous type titanium peroxide sol in an ingredient at 
leastand carrying out an optical exposure to a formed coating filmand 
this invention was reached (claim 1). It added aboveand found out that a 
titanium oxide thin film was obtained by applying to a substrate coating 
liquid which contains crystal titanium oxide furtherand carrying out an 
optical exposure to a formed coating filmand this invention was reached 
(claim 2). When a crystal form of the above-mentioned crystal titanium 
oxide was an anatase typeit found out that a titanium oxide thin film 
excellent also in photocatalyst activity was obtainedand this invention 
was reached (claim 3). By mixing a surface-active agent to the above- 
mentioned coating liquidthis invention found out that a titanium oxide 
thin film [ form / on a substrate without the heat resistance of a 
plastic film etc. / membranes / and ] also with sufficient membrane 
formation nature from coating liquid was obtainedand reached this 
invention (claim 4). By heating at the same time this invention applies 
to a substrate coating liquid which contains amorphous type titanium 
peroxide sol in an ingredient at least and it carries out an optical 



exposure to a formed coating filmit found out that a titanium oxide thin 
film which was further excellent also in photocatalyst activity was 
obtainedand this invention was reached (claim 5). This invention applies 
on a substrate coating liquid which contains amorphous type titanium 
peroxide sol at least on a conductive substrateWith a thing which a 
titanium oxide semiconductor electrode is obtained [ thing ] and made 
adsorption coloring matter stick to the surface of the semiconductor 
electrode further by carrying out an optical exposureand an electrolysis 
solution and a counterelectrode which have a redox couple. For exampleit 
found out that an optoelectric transducer using a substrate without the 
heat resistance of a plastic film etc. could be providedand this 
invention was reached (claims 6 and 7). 
[0008] 

[Embodiment of the Invention]This invention is explained in detail below. 
The titanium oxide thin film in this invention can be obtained as 
followsfor example. Firstthe coating liquid which contains amorphous 
type titanium peroxide at least is applied to a substrateit driesand a 
thin film is formed. It has optical absorption natureif it irradiates 
with lightssuch as a xenon lamp and a mercury lampit will be 
activatedand amorphous type titanium peroxide changes from yellow 
amorphous type titanium peroxide to colorless thru/or white crystal 
titanium oxide. It will be in the same state as being sintered 
simultaneouslyand a titanium oxide thin film will be formed on a 
substrate (it corresponds to claim 1). In this casethe 50 - 200 mW/cm 2 
grade of photoirradiation energy is pref erredandas for optical 
irradiation timeabout 1 to 10 hours is preferred. 

[0009]Also when obtaining a titanium oxide thin film from the coating 
liquid containing both crystal titanium oxide and amorphous type 
titanium peroxidethe coating liquid containing these is similarly 
applied on a substrateit driesand a thin film is formed. If this is 
irradiated with lightssuch as a xenon lamponly yellow amorphous type 
titanium peroxide will change to colorless thru/or white crystal 
titanium oxideand will form a titanium oxide thin film as a whole. In 
this caseamorphous type titanium peroxide is crystallized in the form 
which combines the crystal titanium oxide particles which exist from the 
first (it corresponds to claim 2). In this caseas for the rate of 
crystal titanium oxide and amorphous type titanium peroxide4:6 to about 
9:1 are preferred at a weight reference. 

[0010] If a crystal form uses an anatase type thing for the crystal 
titanium oxide contained in coating liquida titanium oxide thin film 
with high photocatalyst activity will be obtained (it corresponds to 



claim 3). In this caseas for the rate of the anatase type thing in 
crystal titanium oxideit is preferred that it is not less than 80%. 
[0011]By adding a water-soluble surface-active agent which furthermore 
lowers the surface tension of coating liquidthe membrane formation 
nature at the time of applying to a substrate improvesand the titanium 
oxide thin film of uniform membraneous quality is obtained (it 
corresponds to claim 4). In this caseabout 0.01 to 2% of the addition of 
a surface-active agent is desirable to coating liquid full weight. 
[0012] In order to make it change from amorphous type titanium peroxide 
to crystal titanium oxidenot only an optical exposure but the thing for 
which heat-treatment is also performed simultaneously is preferred. 
Thereforeif it heats simultaneously with an optical exposure by within 
the limits with the heat resistance of a substratethe titanium oxide 
thin film crystallized easily will be obtained (it corresponds to claim 
5). In this caseabout 60-200 ** of cooking temperature is preferred. 
[0013] If what provided conductive layerssuch as metal or ITOand Sn0 2 :Fin 
the surface is applied as a substrate topthe titanium oxide 
semiconductor electrode in this invention can be obtained (it 
corresponds to claim 6). 

[0014]The optoelectric transducer in this invention is obtained by the 
composition and the manufacturing method which are explained below (it 
corresponds to claim 7). 

[0015]Firstthe composition of the optoelectric transducer in this 
invention is explained below based on drawing 1 . The transparent 
conducting film in whichas for lsubstratessuch as glass and a plasticand 
2 consist of ITOSn0 2 :FZnO-aluminumetc. A titanium oxide thin film and 4 3 
Coloring mattersuch as a ruthenium bipyridylzinc Pori Phi Lynnea copper 
phthalocyaninechlorophylla rose bengaland eosineThe electrolyte in which 
5 has redox couplessuch as I " /I 3 " and Br " /Br 3 ' and 6 are 
counterelectrodes which consist of Pt (s) etc. Light enters from the 
upper part of a figure. 

[0016]Nextan example of the manufacturing method of the above-mentioned 
optoelectric transducer is explained. Firsttwo things which formed the 
transparent conducting film 2 with sputtering processa CVD methodetc. on 
the substrate 1 are prepared. Ceramicsglassand not only a heat 
resistance plastic film but thermoplastic plastic films etc. which can 
bear the heating calcination temperature currently used 
conventionallysuch as PETare applicable to a substrate. What provided 
layerssuch as metal or ITOand Sn0 2 :Fon the above-mentioned substrate as 
a transparent conducting film is applicable. Since a transparent 
conducting film functions as a charge collectorit is desirable for sheet 



resistance to make [ below 50ohms / ** ] it desirable in below lOohms / 
**. 

[0017]The titanium oxide thin film 3 is formed by applying to one side 
of these the above-mentioned coating liquid which contains amorphous 
type titanium peroxide at leastand carrying out an optical exposure. 
[00 18] Amorphous type titanium peroxide sol is obtained by adding and 
processing hydrogen peroxide solution below 15 ** to the alt. titanic 
acid obtained by adding alkali like an ammonia solution to a titanium 
tetrachloride aqueous solutionand being referred to as pH 6-7. What is 
necessary is just to use it for suitable amorphous type titanium 
peroxide concentrationcondensing this and carrying outwhen using it as 
coating liquid. 

[0019]When crystal titanium oxide is included in coating liquidas 
particle diameter of crystal titanium oxidel-100 nm is preferredand 10- 
30 nm is especially preferred. The crystal form of crystal titanium 
oxide has a preferred anatase type from a photocatalyst activity point. 
Commercial powdersoland a slurry may be sufficient as anatase type 
titanium oxideor it may make the thing of the particle diameter of the 
request by resemble the publicly known method of hydrolyzing a titanium 
oxide alkoxide. When using commercial powderit is preferred to cancel 
the secondary aggregation of particlesand it is preferred to grind 
particles using a mortara ball milletc. at the time of coating liquid 
preparation. Since it prevents the particles by which the secondary 
aggregation was solved at this time condensing againan acetylacetone etc. 
can be added. 

[0020] In order to raise the membrane formation nature to a substrate to 
coating liquida surface-active agent can be added. The solubility of a 
surface-active agent over water is highand it should just lower the 
surface tension of coating liquid. Specifically Alkyl carboxylatealkyl 
SUH0N acid chloridealkylbenzene sulfonatesAnionic surfactantssuch as 
alkyl-sulfuric-acid ester salt and an alkyl-phosphoric-acid saltNonionic 
surfactantssuch as cationic surfactantssuch as alkylamine salt and alkyl 
quarternary ammonium saltpolyoxyethylene alkyl and aryl ethei-and 
polyoxyethylene glycerine fatty acid esterare mentioned. Said field side 
active agent may be used aloneor two or more kinds may be mixed and it 
may be used. Glycolswater soluble polymersetc. such as ethylene glycolcan 
be addedand the viscosity of coating liquid can also be controlled. 
[0021] In order to apply to a substrate the above-mentioned coating 
liquid which contains amorphous type titanium peroxide at leastpublicly 
known methodssuch as a wire bara braiddippingand spray coatingcan be 
usedfor example. As for the thickness of a titanium oxide thin filmabout 



1-50 micrometers is preferred. 

[0022]What is necessary is just to use light sourcessuch as a xenon lamp 
and a mercury lampfor what has a luminous wavelength region in the light 
source for changing amorphous type titanium peroxide to crystal titanium 
oxide among about 500 nm from ultravioletand a concrete target. 
[0023]When a titanium oxide thin film is obtainednextthe sensitizing dye 
5for examplea ruthenium bipyridylis made to adsorb. What is necessary is 
to just be immersed into the solution which melted the titanium oxide 
semiconductor electrode in making coloring matter stick to a titanium 
oxide thin filmand melted this coloring matter in solventssuch as 
wateralcoholand toluene. When it has functional groupssuch as a carboxyl 
grouphydroxyland a sulfone groupin the molecule of coloring mattersince 
this coloring matter is chemically fixed to the titanium oxide surfaceit 
is desirable. There is a ruthenium complex expressed with [ruthenium 
(44' -dicarboxy-22' -bipyridine) 2 (isotiocyanato) 2 ] as a typical thing. 
[0024]0n another aforementioned Sn0 2 :F filmthe Pt (particles) layer 6 is 
formed with sputtering processvacuum depositionan electrochemical 
processetc. As for the thicknessabout 1-50 nm is preferred. 
[0025]After piling up the substrate of the couple formed as mentioned 
above via a spacerthe electrolytic solution 5 which has an I " /I 3 ~ redox 
couple is poured inand it closes by a sealing compound. What added 
iodine and tetrapropylammonium iodide to the mixed solvent of ethylene 
carbonate and acetonitrile as an electrolytic solution can use it 
conveniently. 

[0026]Thusthe glass of lead (L-40 of marketing and the sharp cut filter 
of L-42 grade may be used) which contains Ce0 2 etc. in the formed cell 
as a member which absorbs ultraviolet raysfor example may be pasted 
together to the incidence side of light. 

[0027]This prevents degradation of the sensitizing dye by activation by 
titanium oxide' s own optical absorptionand it becomes possible to raise 
the long-term stability of a cell. 
[0028] 

[Example] Hereafteral though an example explains this invention 

concretelyan embodiment of the invention is not limited to these 

examples. 

[0029] [Example l] 

(Production of a titanium oxide semiconductor electrode) Amorphous type 
titanium peroxide sol is manufactured by the following methods. What 
diluted 10 ml of 16% solutions (Wako Pure Chem) of titanium 
tetrachloride with ion exchange water 20 times was adjusted to pH 6. 5 in 
ammonium hydroxide solutionaf ter throwing away supernatant liquid6 ml of 



hydrogen peroxide solution was added to 5 ** 36% under coolingand it 
stirred for 12 hoursand titanium peroxide sol was obtained, the 
polyoxyethylene octylphenyl ether (Wako Pure Chem) which what condensed 
this liquid until it became the volume 1/2 is used as the undiluted 
solution of coating liquidand is a surface-active agent at this 
undiluted solution — lvol% — let what was added be coating liquid. 
Carry out braid spreading on the transparent electrode formed so that 
sheet resistance might become lOohms / ** about the Sn0 2 :F film 2 by a 
sol gel process on the glass substrate land this coating liquid After 
the natural seasoning during 30 minuteslt irradiated with the xenon lamp 
of the intensity of 100 mW/cm 2 for 8 hoursand the titanium oxide 
semiconductor electrode of 2 micrometers of thickness was obtained. 
[0030] [Example 2] 

(Production of an optoelectric transducer) The titanium oxide 
semiconductor electrode of Example 1 is immersed into the ethanol 
solution of the ruthenium complex expressed with [ruthenium (44* - 
dicarboxy-22 > -bipyridine) 2 (isotiocyanato) 2 ] 1 1: flowed back for 10 
minutes and the ruthenium complex was made to stick to a Ti0 2 electrode 
surface. On the other handsheet resistance deposited the Pt film with 
the vacuum deposition method on the IT0 glass substrate of lOohms / ** 
at 20 nm of thickness. Both these substrates via the insulating spacer 
of a bead or the shape of a rodAbout 20-micrometer gap was maintained 
and piled upand after pouring in the oxidation reduction electrolytic 
solution which added iodine and tetrapropylammonium iodide to the mixed 
solvent of ethylene carbonate and acetonitrilethe seal was carried out 
with epoxy adhesive. The photoelectric conversion efficiency under the 
false sunlight exposure of this optoelectric transducer (AMI. 5100mW/cm 2 ) 
was 0. 6%. 
[0031] [Example 3] 

(Production of the titanium oxide semiconductor electrode and 
optoelectric transducer which are formed from the mixture of amorphous 
type titanium peroxide sol and crystal titanium oxide) The anatase type 
titanium oxide lg and 0. 2 ml of acetylacetones are added to 10 ml of 
undiluted solutions in Example lWith a mortaras condensation of titanium 
oxide powder is solvedmixand the titanium oxide semiconductor electrode 
of 2 micrometers of thickness is produced in the same procedure as 
Example 1 except having used as lvol%in addition coating liquid at this 
the polyoxyethylene octylphenyl ether (Wako Pure Chem) which is a 
surface-active agentWhen the optoelectric transducer was produced like 
Example 2the photoelectric conversion efficiency under the false 
sunlight exposure of this optoelectric transducer (AMI. 5 and 100-mW/cm 2 ) 



was 0.9%. 

[0032] [Example 4] 

(Production of a titanium oxide semiconductor electrode and an 
optoelectric transducer which performs substrate heating and an optical 
exposure simultaneously) In Example 1A titanium oxide semiconductor 
electrode is produced like Example 1 except having heated substrate 
temperature at 100 ** at the time of a xenon lamp exposureWhen the 
optoelectric transducer was produced like Example 2the photoelectric 
conversion efficiency under the false sunlight exposure of this 
optoelectric transducer (AMI. 5 and 100-mW/cm 2 ) was 1.0%. 
[0033] 

[Effect of the Invention] In the invention of claim Iproduction 
temperature is low made by forming a titanium oxide thin film in the 
coating film which contains amorphous type titanium peroxide at least by 
carrying out an optical exposure. 

Thereforea substrate with a low heat-resistant temperature can be used. 
In the invention of claim 2the titanium oxide thin film crystallized 
more can be obtained by forming a titanium oxide thin film from the 
coating liquid containing crystal titanium oxide. 

Thereforea thin film with high photocatalyst activity is obtained. 
In the invention of claim 3the titanium oxide thin film obtained turns 
into an anatase type titanium oxide thin film by using anatase type 
crystal titanium oxide. 

Thereforea thin film with high photocatalyst activity is obtained. 
In the invention of claim 4wettability with a substrate improves by 
mixing a surface-active agent. 

Thereforeit becomes possible to form a coating film stably. 

In the invention of claim 5crystallization can carry out more 

efficiently by performing optical exposure and heating simultaneously. 

Thereforea thin film with high photocatalyst activity is obtained. 

In the invention of claim 6production temperature is low made by forming 

a titanium oxide thin film with one method for forming thin film of 

claims 1-5. 

Thereforea semiconductor electrode is producible also to a substrate 
without heat resistance. 

In the invention of claim 7production temperature is low made by forming 
a titanium oxide thin film with one method for forming thin film of 
claims 1~5. 

Thereforean optoelectric transducer is producible also to a substrate 
without heat resistance. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing l] It is a sectional view showing an example of the optoelectric 
transducer by this invention typically. 
[Description of Notations] 

1 Substrate 

2 Transparent conducting film 

3 Titanium oxide thin film 

4 Coloring matter 

5 The electrolysis solution which has a redox couple 

6 Counterelectrode 
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